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cooid~iit ion d iai tfIil it I r exterior elements of t ict iv roox f sifig, i ci iliitionl v referred to as
aI buIldil ig. W itl h e\ e(svixceptions, roof nwrn- rooi finig gravel.
1;Iirai its ar noii t p~ro tect ed 1by at] oining bulild.

i. tgs and1( art- gciicrall\ hilly\ exposed to wind, Funfctioin
Sprvci )it tt mu teliperatlire vitriatioi is and still- Mliril .i ggri'gate surlacou i le
ligh t. Tile ini itterjproii co atinog of at bu1ilt - toi lIt-tip 0 infi Iig to dl)rote'(t t it'- toI p c I io t-
IIIp ro ofig mnemnbrane is isa i ti i I. oilparative- ii g of biuen fro nt i irect sin ifii t and
4 I thinl layer of hituno. To give it adequate oeflect solar radliation. It rt'tiies the naliiitIIII
\aiterproi ifin g and wearnig q utalit ies sonc ad- su rface tem perat lirc. thle seas' a al riog (ii' it

d ~itiona al su rface prote ct ion is necessarA-. A pos- temnperatutres and the short-timle ilnititis it1
si iI' \ep t i is (lit\-stahilized asph alt cli nl- tie lac k 5l I race - If dins inii ts \%vat hicriii

siiiii. hut the \weatlicritig quialities of eveni this of' the hititnt'ii iiid bitiiioost felts of tflit
mte~trial are touch itmproved h lit suiirface treat- roofingiiznuenbratic.
mnet ill fte foril of all applied reflective cioat- It liit\\s l f i ioctnratI \\rgii ill It
iI tg. ihitit fiti'. Iil/artd frotti flying Iirauits th1u im.

Sititaidi' suirfacinig will piiitect liitilttan side biailast for thle titiirati m.iiist 55 ill I
frio stunilight aMod prevet it excessivse sm-fact ii p ift It iffers Iinmai tt'( pinteito auia iii i t 2I
tetipirati ri's. Pint tre'atm~ents. alillililmnO risiil foil %%-iutailili indl wiathl'. alnd litlpst
fii. tilte oI coincrete siitfacina. and minileral pre ni'it ims of hitilutin oh, sliipt's it' 6-1i
aiggregatte have beent'ui sed1 for this puirpose'. ss eathtir. [.'o ioutstra na1 rcts it gist' si itl1pr
Pinit tre'atmetnlts cali priivide gitod protection tu'ctiiii ikaillslt Ilit' orlicul s Isti' plltt't-
anld re'flec(tioni of solar' radliationui blit have' a flirtlt indullstrial proce'usse's. \gi!grt'gitc ablo I II,,

dilizte. ttslmallx short, lift'. Alitlohimtm foil (anII ivcts !!t(' uinolbrautic' itaiis l til foot traffi(
give excellenit l protec'tion. anid bas been'l sm.c- soic oft ut tlts' fi uiict iis Nsill ix uliscliswu ii i

(l'ssfillhlv ttsits at sillrfacim for suote pruiprie- more in'titil.
tar\ felt rooufinugs inl tither coiliitrit's. Tilt' intl

"'ii ri'ti' ire i ft en it st- whensv it'l tr iffic sI I fat. '~ii gi ~t ifte1miwat e

is 'ereidni and Lgive VI'V'tllit prlltectiili toi tit'- ill roofs iii' t'\pislt fiithu III(-sli" 5 ri
fobitttiiuai \li'i prolper allosvatict' is inadi' for from suliist toi %ltust't illid ilillili of tht' Sotl,
st rutu ral an d tl e rnial moovem'nit anrd for li gh t st rike's th liton f si rfiat es at at stet'p atzlt' It
iirailla tc* A sphalIt shingles a iiI( pre'pared riootf- \ais slutimv III n 13 ) 17 thit a dark root f \\ith hin1
ilig halve a proutective' liner oif fillt- lintral nit- oiublstritcte't \ii'ss tif thie %k\ (call ittiill .i ,111
tcria

1  which is fact orv a pplie'd. Los pitchedii' l l-(- tllipt'nitl1r' as huilzIi Is I 9) 11 it]i l15 ;i.ii
.intl flat roiofs in Caniatda wit)) bitumintus bluilt- of (Utuuadi. Ht'IM1dim'ite l tatmioi frol idiii i-~~(llit
up rooff unverings in' Ilsoailk protectedt lhv a suIfiti's cat, taise thie siorftct' tvlipt'rilil.
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above that attained by direct radiation. The As expected, the black surface was warmer
maximum surface temperature of a dark hori- than the white at maximum daytime tempera-
zontal roof situated close to the south wall of tures, and both were warmer th; n the air tem-
a very high building can be as high as 230'F perature. At ,night the black surface was colder
near nloon in midsummer. than the white at minimum temperatures, and

both were colder than the air temperature. It
Colour has a considerable effect oin the is interesting to note the 120 F deg range in

traction of solar irradiation absorbed by a sur- air temperature in Halifax, from a maximum of
face. White absorbs about 40 per cent; dark 99°F in July 1912 to a minimum of -21° in
green, brown or black surfaces absorb about 90 February 1922. This 10-year period is shorter
per cent. The maximum temperaiure of a than that for which built-up roofing mem-
white roof surface would be about 130°F, as branes are expected to perform satisfactorily.
compared with 190'F for a black roof, a dif- Sich t range of air temperatures over the ex-
terence of 60 F deg. pected life of a dark roof can produce a mem-

The disintegration of bituminous material bra..e surface temperature range of over
inder the action of sunlight is enerally con- 200°F. with an expected temperature of 25 to

si(lered to he a type of photo-oxi ation. Water- 60 F (leg less for a white roof.
soluble and volatile products are formed during In addition to the seasonal variation de-
,hemical changes brought about by the ultra- scribed above, the short-time variations in ten-
\iolet rays of the sun in the presence of oxy- perature during both winter and summer may
tzen. The actual chemical change may be an frequently be as much as 100 F (leg in some
cxtuimeh cmplex reaction related to the aa- parts of C:anada. unless aggregate or other sur-ll, and so~urce of the bitumen. As it takes facing is used to reduce the fluctuations. Ag-
place more readily at higher temperatures, any regate surfacing will reduce these fluctuations.

treatment that will keep temperatures low is
(desirable. Fire Hazard
Tremperature Variations The resistances of roof structures and ma-ertur tmperat ures oro terials to internal fires are generally well

The hiizh surface temperatures on roofing known, as judged and determined by standard
uiembrales in summer can accelerate the de- fire tests. It is necessary that the roof covering
igrailatimci of the hitumen. but the range of should not contribute fuel to such internal
temperatures from summer to winter and from fires. As the structural roof will normally pro-
day to night is also important. These tempera- vide resistance to internal fires, the main func-
tun' %ariations can contribute to the break- tion of the roof covering in relation to fire is
down of the bitunens, and may also cause to reduce the risk of spread from neighbouring
large thermal movements of the total mem- buildings. It is also important that the cover-
brane. CB1) 47 indicated that the minimum ing should not spread flame rapidly or
c-mrface temperature of the black surface of an flying brands to endanger adjoining roofs. Con-
insilatcd roof may be 10 deg colder than the trol in Canada has been effected by using roofs
arbient air temperature. The limits of surface that have proved satisfactory in use,
temperature- on black insulated roofs in some
areas of Canada can be as wide as -50 and Test methods for the fire resistance of roof
230F. covering materials (UL.790) wkere prepared in

the U.S. in 1958 by the Underwriters' Labor-
Tbv (,alculat( values for outer surface tories Inc.. who tested, classified and listed a

temperatures of buildings have been ,orrobo- mmber of types of built-up roofing. The re-
rated Iy measurements made on buildings in sistance of bituminous materials is generally
Ottawa and elsewhere. As an example, temper- poor, but a built-up roof with aggregate sur-
.tture measurements for a one-month period on face would be expected to receive Class A or
bo th black and white roof surfaces in Halifax Class B Undrrwriters' classification, designated
indicated the following temperature ranges: bv some building codes as fire-retardant roofs.

I Air temperatures 48 to 80'F for a differ- Class A refers to roof coverings effective against
ence of 34 F deg. severe fire exposures. Under such exposure,roof coverings of this class are not readily flam-

2. White surface temperatures 42 to 124°F mable and do not spread fire, afford a fairly
for a difference of 82 F deg. high degree of fire protection to the deck, do

3. Black surface temperatures 42 to 145 0F not slip from position. possess no flying brand
for a differeice of 103 F deg. hazard. and do not require frequent repairs to

,I mitl 1w, ri-th iire t h 14 , nmaintain their fire resistive properties. Class B
.i. mh.,. r ,.m.t, w:,. O, c,, f,,r MiIf.ix in 74 ".'e-. roofings are effective against moderate fire ex-
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posures, and Class C roofings afford a slight Properties Required
degree of fire protection. To perform satisfactorily anl aggregate must
Wind Effects be clean and dry, of sufficient size and weight

to embed properly in the flood coat of bitumen
Wind pressures on buildings were discussed and resist blow-off by high winds or wash-off

in CBD 34, and it was noted that the roof is by heavy raim. Aggregatc must be so graded
usually the critical area in the wind design of as to permit proper nesting and filling of voids
low buildings. Particular attention must be between individual particles and to provide a
paid to anchorage details because of the suc- complete and continuous covering of the bi-
tion condition that may prevail over most if tuminous membrane. Complete coverage must
not all of the roof. In addition, high local suc- e maintained over all parts of the roof if sa-
tions can develop with certain shapes of build- tisfactorv service is to be expected. An aggre-
ings or roofs, and with certain wind angles. gate should be hard enough to resist abrasion
Local suctions are generally most serious for a ,od frost action, but not so brittle that it en-
wind at an angle of 45 deg to the side of the courages fracture and disintegration.
building. Model studies have indicated small
areas of local uplift from two to five times the The usual aggregates are crushed stone
normal uplift, at or near corners projecting in- and gravel, or crushed air-cooled blast furnace
to the wind. slag. Slag aggregate is opaque and angular. Its

alkaline surfaces have a greater affinity for bi-
Some buildings may require parapets to re- ltninous material than for water, with result-

duce these uplift forces on the roof. and atten- int good adherence of the bitumens to the ag-
tion to flashing details is obviously always of gregate.
great importance if roof blow-offs are to be
avoided. Aggregate surfacing will provide ad- Aggregate should be uniformly graded in
ditional weight to resist the uplift forces. The particle size, and a sieve analysis requirement

aggregate also protects the membrane from the is included in ASTal specification D1863-63.
abrasive effect of particles carried by the wind, rt reqireents f .th sphical r. erty requirements of this specification are,
either as fine grit or as larger particles from shown in Table II. Methods of test to deter-
erosion or poor embedment of aggregate on mine these physical properties are also speci-
adjacent roofs. fled by ASTM. The amount of moisture per-

initted" is important in relation to the embed-
Corrosive Products ment of the bitumen. Weight is a factor in re-

Roof membranes can be damaged b)y air- lation to roof load, and a minimum is specified
hortie waste products from industrial and do- to ensure that light gravel, which will easily
nestic fu process e blow off, is not used. Fine aggregate fractions

furnaces and industrial p equip- less than 200 mesh as indicated by sieve ana-
riient. leavy dews are common on roofs, and 1vsis) are undesirable even at 0.5 per cent, but

pollutants deposited on the roof surfaces may 0.25 per cent is normally acceptable if it does
form acids that can cause considerable damage not alhere to the surface of the aggregate
to metal flashings and exposed organic felts. lardness is of importance if the aggregate is
This process may continue until rain washes susc'eptible to dusting.
the wastes into the roof drains. Mineral aggre-
gaite surfacing provides some protection for the TABLE I

nenbrane. ,I .\ .N A.iS REQI IR E\IF NT -

S' .-,, ., ev'- Rat ai ed on Sie. Prl' rtw.l,
Traffic 1, In Inch) of Sarmple

Where regular foot or other traffic may (K- 0 0

mI r over roofs, adequate provision must be 010to
201060

made for it. This -an be accomplished by the ,25 t, 71)

Ilse of wood, concrete or tile trafficwavs, or co- 1

plete traffic surfacing where warranted. Mineral
aggregate surfacing does give some protection Clay. loam, sand organic matter, chemicals
for the membrane agaist casal foot traffic or other foreign substances, and frozen ma-
(hiring and after construction of the building. terial should not be permitted in roofing aggre-
It cannot be expected to give protection against zate. The practice of using what is available
workmen installing mechanical or other equip- -ither than what is suitable should be discon-
ment over the roofing. tinned. Requirements in specifications should
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Ili utit d andt . 11( sti ch gei Itral referenices ats tilt. ~ ii Tlt recommen ii ded net in Id is to mnovte."ggrt 'gilt , .511.11 be IC to % i nch in size, clean (11rN aggregate f rom till gron d storage to fte
lid1( I ree frnt dim atni d foreign miatter" slhold ;')of1 tfo application11 at thle rate at which it is

1111111 trmntiii511 rvterejices. pile Ittii tile roof1 a ill all it should he fi small
I \ li I% 11 ilusII os. j%S id slittild ne(ver he left imiiseti~ ~ ". IRIER1.\ ~.. I, Si. llcrliZit Or~ nsr it \%C 'e'ii(l. W~heii saturated

St itli \\ater o~r silos it is 1useless for its filtlttded't
St ui Inn. I I . -i t '' 111 pose tiiit ii propr i t- ; r if it lies over roof -

Ili ~.,iIi ilnld II I L skiptts(I Ic rents hit. iik liet rt til t- ('Il b l

.1t X., ir. 4 t 36 l n in 11 0 slirfaiivg is aIpplied l il t\\s upS t c ( ihtI t er; t is.

Tis is liiirt cl arik tirue it lolo se gr~Ilt' is swept
It Is 'u ewrai ii agri 'td thlat aggregate shou~tld back aift tr tilIe first q Iplicol. It m ti ao, evenl lbt

.11 n Lrt s-i Iaki og I mu v has set any linmits tof luitil olthetr trades kllS I ilisilt t \\l)rking tlt
ti 'l1lshitltei1c\ anditi tere is little oi- Illo ififoruna- tilt- rootf. \%bll illitltlr datili,!ct call bet rtepairedl
""o,1 toI itflitate tile signlificanlce of ultraviolet b1efo re tilt' filIial iaipilica~titti.

\\ I1111 lmake .ttrac-tis-e \\hite aggregate for ll ltftlltii '~lp~tl i~51tli
Iot~ltS alil. t. iint' b\5 slllit' stlllrc S to be poor tiv1 it' is lil dli Igcr I it traptjltig IliIstur in l.-
Inl til',, ri It is tillliglht tha:t %;) illl ildi- t\\vtt'l tilt, two( appIlicaItions. A llt'.vy linter lot

111111I I (I call be trri sliicei t, perittiing pr1 peri v radt d aggrtegate' is icesi radlIe it (,Ii
ii iIt tot pl t trate tol thle bit tilieCl and akc- inltterlo ck sIo tilat it dolls lt dtepenid( en ti rel

I gcr-l -t'.11 tI til\\c t'in p Cress.te ttio oe ItiFn adio to51 sht id il plce CI ts t temiI ii lt'lrtiI
t i I I~Stl il(I% I t sillL, Iil wbichI ta ggr gatis dtils it roc l ( es tat l 40-F Idur sIring ap5 ii I

clit! ,i IIII tliallw iS t fcl~its list cricigt illd a il.adilcl ete h edfi iai

il It its bn bt\c tclltttil. it,,( it1 itiliat ill' befre i\tilt' tuckd aud costrut-

C~eiI is SIt I It- XIrsb TmvWit e Igrr t it il A1I roof t'gatt' mill corltr \\b' \\ ill(h]

1,d si~lb' ill I , Ic ittol ltt tufc toin eat s O c c I tia lt m stl. a!rw-1 i11I 11 1.l~

d it -fiftz lIpi~ochie first sufnl; IV Cl til t t115et' l il it n

oI l hn ar, l di - in da,, ~i,~,irl hi ank n dtI,-~ ,iid I shnt i tI, II . S.' ul h t hlf., ar sln c It

til *-4 ,1 Irc il,,(" d b o t r .1d I4 i


